The efficacy and safety of naldemedine (a peripherally acting m-opioid receptor antagonist) for opioidinduced constipation (OIC) in subjects with cancer was demonstrated in the primary report of a phase III, double-blind study and its open-label extension (COMPOSE-5). The primary end point, the proportion of spontaneous bowel movement (SBM) responders, was met. Here, we report results from secondary end points, including quality of life (QOL) assessments from these studies.
Introduction
Opioids are recommended for the management of moderate to severe cancer pain [1, 2] and are prescribed to approximately 70% of patients with cancer [3] . The analgesic benefits of opioids can be compromised by side effects, such as opioid-induced constipation (OIC) [4] [5] [6] . OIC affects 60%-90% of patients receiving opioids for cancer pain, and its symptoms do not subside with the duration of the therapy [7] [8] [9] . Patients with OIC report a significantly worse quality of life (QOL) compared with those who are unaffected [7, 10] , and OIC has been correlated to a poorer Eastern Cooperative Oncology Group (ECOG) performance status [11] .
OIC is primarily caused by the binding of exogenous opioids to peripheral l-opioid receptors in the submucosal and myenteric plexuses of the enteric nervous system within the gastrointestinal (GI) tract [6] . The consequent physiological changes result in the characteristic symptoms of OIC: reduced bowel movement (BM) frequency, increased straining, a sensation of incomplete bowel evacuation, and/or hard stool consistency after initiating opioid therapy [6, 12] . Exercise, stimulant laxatives, higher fiber intake, and increased hydration are first-line treatments for OIC; however, they do not target the underlying mechanism of OIC and usually provide inadequate or inconsistent relief [7, 13] . Despite the prevalent use of laxatives, 97% of patients with OIC and cancer report moderate to severe symptoms of constipation [13] . In addition, laxatives introduce side effects that have been found to further diminish patients' already-poor QOL [14] . Unsurprisingly, despite experiencing an increase in pain, many patients reduce or skip opioid doses in an attempt to induce a BM [7, [14] [15] [16] . A cross-sectional survey found that OIC (and other opioid-related GI symptoms) led to the hospitalization of as many as 16% of patients with cancer receiving opioids [17] . Timely and consistent relief from OIC is, therefore, imperative for the effective management of cancer pain and improving overall patient QOL.
Peripherally acting l-opioid receptor antagonists (PAMORAs) are a class of drugs that aim to reverse OIC without affecting opioid-mediated analgesia. PAMORAs minimally cross the blood-brain barrier and exert their therapeutic benefits by minimizing exogenous opioid actions at peripheral l-opioid receptors, including the GI tract [18] [19] [20] . Naldemedine is a PAMORA developed as a once-daily oral drug for the relief of OIC in patients with cancer or chronic noncancer pain. We previously reported the primary results from a randomized, placebocontrolled, 2-week, phase III study evaluating the efficacy and safety of once-daily oral naldemedine 0.2 mg for OIC in subjects with cancer (COMPOSE-4), as well as its open-label, 12-week extension study (COMPOSE-5) [21] . The primary end point for COMPOSE-4 was met: a greater proportion of spontaneous bowel movement (SBM) responders (defined as those with !3 SBMs per week and an increase of !1 SBM per week from baseline) was observed with naldemedine versus placebo (71% versus 34%; P < 0.0001) [21] . The primary end point for COMPOSE-5 was safety; naldemedine was generally well tolerated in this study population [21] . As described above, in addition to the assessed primary end points, there are other important clinical challenges that need to be addressed for the effective treatment of OIC. Here, we report select, prespecified secondary efficacy end points from COMPOSE-4 and COMPOSE-5, to further evaluate the efficacy, onset of action, and impact on the QOL of naldemedine treatment in subjects with OIC and cancer.
Methods
Study design and procedures COMPOSE-4 (JAPIC-CTI-132340) was a multicenter, randomized, double-blind, placebo-controlled, parallel-group, phase III study. COMPOSE-4 assessed the efficacy, QOL, and safety of once-daily oral naldemedine 0.2 mg for 2 weeks in subjects with OIC and cancer. COMPOSE-5 (JAPIC-CTI-132342) was an open-label, 12-week extension study that evaluated the safety of naldemedine and its impact on the subjects' QOL. Both studies were conducted in accordance with the Pharmaceutical Affairs Act, the International Conference on Harmonization Good Clinical Practice guidelines, the Declaration of Helsinki, and with approval from each institutional review board. All subjects provided written informed consent.
Detailed study design and procedures were previously published [21] . Briefly, eligible subjects (aged !20 years) with an ECOG performance status 2 had cancer that was expected to remain stable throughout the study period. Any cancer type was permissible provided that it did not impact GI function. Subjects were taking a stable daily dose of opioids for cancer pain for !2 weeks before screening and had OIC. OIC was defined as 5 SBMs (a BM not induced by rescue laxatives) at baseline (2-week period before randomization), and increased straining, incomplete bowel evacuation, and/or hard stools in !25% of all BMs [6, 12] .
In COMPOSE-4, eligible subjects were randomized 1:1 to receive once-daily oral naldemedine 0.2 mg or placebo for 2 weeks. Subjects who completed COMPOSE-4 had the option to participate in COMPOSE-5 and receive naldemedine 0.2 mg once daily for an additional 12 weeks. If a subject experienced an adverse event that worsened their QOL in COMPOSE-5, a dose reduction to naldemedine 0.1 mg and/or temporary treatment discontinuation ( 2 weeks) was allowed at the discretion of the investigator.
Assessments
The prespecified secondary efficacy end points in COMPOSE-4 included the proportion of complete SBM (CSBM) responders. A CSBM is a BM not induced by rescue laxatives that was accompanied with a sensation of complete bowel evacuation. A CSBM responder was defined as a subject who had !3 CSBMs per week and an increase of !1 CSBM per week from baseline. The proportion of subjects with an SBM or CSBM response by week, and the change from baseline in the mean frequency, estimated as the least squares mean, of SBMs or CSBMs per week were assessed. The proportions of subjects with !1 SBM or !1 CSBM within 4, 8, 12 , and 24 h of the initial dose of the study drug, and the median time to the first SBM or CSBM were also analyzed.
Subjects in COMPOSE-4 and COMPOSE-5 answered the questionnaires of Patient Assessment of Constipation-Symptoms (PAC-SYM [22] ) and -QOL (PAC-QOL [23] ). The overall PAC-SYM score comprised three domains: abdominal, rectal, and stool symptoms. The overall PAC-QOL score consisted of four domains: physical discomfort, psychosocial discomfort, satisfaction, and worries and concerns. A lower score indicated a better outcome for symptomatic relief and QOL. In COMPOSE-4, the questionnaires were answered predose on day 1 and on day 15. In COMPOSE-5, the questionnaires were answered on day 1 (day 15 of COMPOSE-4) and days 15, 29, 57, and 85. Both PAC-SYM and PAC-QOL questionnaires have a validated 2-week recall period [22] [23] [24] . In COMPOSE-4, subgroup analyses of the mean overall PAC-SYM and PAC-QOL scores were performed in subjects who had baseline scores !1 for each assessment, respectively.
Statistical analysis
Detailed sample size calculations were previously published [21] . Efficacy analyses were performed on the FAS, which included all randomized subjects in COMPOSE-4 who had !1 dose of the study drug after evaluating BMs at baseline, and !1 evaluation of BMs postdose. In COMPOSE-5, the FAS included all subjects who additionally had completed PAC-SYM and PAC-QOL assessments at baseline, and had !1 evaluation postdose.
For all two-sided tests, a statistical significance level was set at 0.05. For all secondary efficacy end points, the chi-square test was used to compare differences between treatment groups, except for change from baseline in the frequency of SBMs or CSBMs per week (analyzed by mixed model repeated measures), and time to the first SBM or CSBM postinitial dose of study drug (analyzed using Kaplan-Meier estimates and generalized Wilcoxon tests). Welch's t-tests were used to compare differences between treatment groups and change from baseline in mean PAC-SYM and PAC-QOL scores. All 95% confidence intervals for proportion were calculated using the Clopper-Pearson method.
Results

Subjects
In COMPOSE-4, 193 eligible subjects were randomized to receive naldemedine (Table 1) .
Efficacy
Consistent with the primary end point of SBM responders for COMPOSE-4 [21] , a significantly greater proportion of CSBM responders was observed with naldemedine versus placebo during the 2-week treatment period (40.2% versus 12.5%; P < 0.0001; Figure 1A ). Significantly greater proportions of SBM and CSBM responders by week were also observed with naldemedine versus placebo (all P < 0.0001; Figure 1B and C). At week 1, a significantly greater change from baseline was observed for the frequency of SBMs/week with naldemedine versus placebo (5.70 versus 1.73; P < 0.0001); similar results were observed on week 2 (3.97 versus 1.24; P < 0.0001). Furthermore, a greater change from baseline in the frequency of CSBMs/week was observed with naldemedine versus placebo for week 1 (3.13 versus 0.60; P < 0.0001) and week 2 (2.11 versus 0.74; P ¼ 0.0002).
Within 4 h after the initial dose of naldemedine, a significantly greater proportion of subjects had !1 SBM or CSBM versus placebo. This effect was maintained at 8, 12, and 24 h postinitial dose (all P < 0.0001; Figure 2 ). The timely onset of relief from OIC with naldemedine versus placebo was further shown by analysis of median time to the first SBM (4.7 h versus 26.6 h) or CSBM (24.0 h versus 218.5 h) after the initial dose (all P < 0.0001; Figure 3 ).
Quality of life
In COMPOSE-4, there were no significant changes from baseline to day 15 with naldemedine versus placebo in the mean overall scores for PAC-SYM (À0.25 versus À0.18, P ¼ 0.36; Figure 4A ) or PAC-QOL (À0.28 versus À0.15; P ¼ 0.08; Figure 4B ). Significant improvements with naldemedine versus placebo were observed with scores for the PAC-SYM stool domain (-0.45 versus -0.23; P ¼ 0.045; Figure 4A ) and the PAC-QOL dissatisfaction domain (-0.50 versus -0.16; P ¼ 0.015; Figure 4B ). In COMPOSE-5, naldemedine treatment was associated with a significant improvement from baseline in the mean overall scores of PAC-SYM ( Figure 5A ) and PAC-QOL ( Figure 5B ) at all assessed time points (all P < 0.0001). Significant improvements from baseline to all assessed time points were also observed for scores of every individual domain of PAC-SYM (all P 0.03; Figure 5A ) and PAC-QOL (all P 0.0001; Figure 5B ). In COMPOSE-4, subgroup analysis of subjects who had overall PAC-SYM scores ! 1 at baseline (naldemedine, n ¼ 52; placebo, n ¼ 57) showed greater, although marginally insignificant, improvements from baseline to day 15 in overall PAC-SYM scores with naldemedine versus placebo (-0.54 versus -0.35; P ¼ 0.0857; supplementary Table S2 , available at Annals of Oncology online). In the subset of subjects who had overall PAC-QOL scores ! 1 at baseline (naldemedine, n ¼ 63; placebo, n ¼ 66), significantly greater improvements from baseline to day 15 in overall PAC-QOL scores with naldemedine versus placebo were observed (-0.41 versus -0.21; P ¼ 0.0446; supplementary Table S2 , available at Annals of Oncology online).
Discussion
The primary report of COMPOSE-4 demonstrated that naldemedine treatment in subjects with OIC and cancer results in a significantly greater proportion of SBM responders compared with placebo [21] . Further, in COMPOSE-5, naldemedine was well tolerated for up to 14 weeks in this study population. Here, we confirm and extend the aforementioned findings: naldemedine elicited a greater response compared with placebo in all secondary efficacy assessments and had a timely onset of symptomatic relief from OIC. Moreover, treatment with naldemedine for 12 weeks had a positive impact on subjects' QOL.
In either group or study, subjects had approximately 1 SBM/ week at baseline, an observation consistent with previously reported findings in patients with OIC and cancer [13] . This suggests that patients could suffer for up to 1 week without relief from the symptoms and psychological burden of OIC. Our results indicate that treatment with naldemedine provides timely A B Figure 2 . Proportion of subjects with ! 1 SBM (A) or ! 1 CSBM (B) at specific time points within 24 h after the initial dose of the study drug in COMPOSE-4 (proportion 6 95% CI; FAS). *P < 0.0001 versus placebo. CI, confidence interval; CSBM, complete spontaneous bowel movement; FAS, full analysis set; SBM, spontaneous bowel movement.
symptomatic relief from OIC. Moreover, as previously reported, treatment with naldemedine did not impact assessments of pain intensity or precipitate any signs or symptoms of opioid withdrawal in this study population [21] . The timely relief associated with naldemedine treatment could, therefore, potentially contribute toward improving adherence to an opioid regimen and, consequently, the better management of cancer pain. Treatment with naldemedine for 2 weeks did not significantly improve mean overall scores for PAC-SYM or PAC-QOL compared with placebo. In the extension study, however, significant improvements from baseline were observed in the overall mean scores for both PAC-SYM and PAC-QOL. The discrepancy between the studies on patient-reported outcomes of QOL may partly be due to differences in statistical comparisons. In COMPOSE-4, comparisons were made between treatment groups, whereas in COMPOSE-5, comparisons were made to baseline. Moreover, subgroup analyses in COMPOSE-4 suggest there may be greater improvements in the QOL assessments in subjects who had higher scores at baseline. In both studies, naldemedine significantly improved the PAC-SYM stool domain and PAC-QOL dissatisfaction domain versus placebo (COMPOSE-4) or baseline (COMPOSE-5). Interestingly, these domains reflect the main complaints reported by subjects with OIC: incomplete, hard, and/or small BMs that require increased straining and dissatisfaction with current treatments [13, 25] . Together, our results suggest that naldemedine positively impacts the QOL of patients with OIC and cancer; however, further evaluation in larger patient populations and longer-term studies are warranted. Limitations to these studies include the lack of racial diversity in the study population, and representation of only a few subjects with an ECOG performance status of 2, or GI cancers. Furthermore, COMPOSE-5 was a single-arm, open-label study and thus, could be associated with inherent bias when assessing patient-reported outcomes.
Currently, two PAMORAs-methylnaltrexone bromide and naloxegol-are approved for the treatment of OIC [7, 12, [26] [27] [28] [29] [30] . To our knowledge, the existing literature lacks prospective data on whether treatment with any PAMORA could improve the QOL of subjects with OIC and cancer. We believe the QOL assessments from COMPOSE-4, together with the robust and significant improvements observed in COMPOSE-5, are the first to demonstrate the benefits of a PAMORA in improving the QOL of subjects with OIC and cancer. In conclusion, our results indicate that once-daily, oral naldemedine 0.2 mg significantly improves BM function in a timely manner, and positively impacts the QOL of subjects with OIC and cancer.
